Given the impact of international large-scale assessments (ILSAs) on policy-making in different educational systems around the world, this study aims to examine whether national mathematics curricula in different educational systems harmonize over time. Data from the Trends in International Mathematics and Science Study (TIMSS) is used to explore this issue. In addition to background questionnaires given to students, teachers and schools, a curriculum questionnaire was completed by each national research coordinator (NRC) in all participating countries in each TIMSS cycle. In the present study, data from 2003, 2007, 2011 and 2015 was used. The analyses focused on the information about the extent to which the national mathematics curriculum covered certain topics in the subdomains of mathematics tested in TIMSS Grade 8. Growth curve modeling and latent profile analyses were applied to uncover the development trend and countries' unobserved profiles in mathematics content domains of Number, Algebra, Geometry, and Data. Three clusters of countries were identified. Most countries belonged to the same profile in the later cycles of TIMSS. The study found indications of a general harmonization with respect to number of topics covered in countries' curricula over time, thus contributing to discussions of policy implications of a global curriculum.
The development of curricula and educational systems around the world is a contentious issue, and an area of research mainly in the field of the sociology of education (see, for example, Benavot, Cha, Kamens, Meyer, & Wong, 1991; Meyer, Kamens, & Benavot, 1992; Meyer, Boli, & Ramirez, 1997) . How knowledge and skills are transmitted to the masses raises questions not only about school curricula, but also about how societies are formed. There are different theories of how educational systems throughout the world develop their curricula -often highlighting the differences and similarities across countries. According to functionalist theories, there should be differences as regards curriculum in different societies. While in more developed societies, there should be more focus on mathematics, natural sciences and social sciences, less developed societies should place greater emphasis on instruction in vocational subjects and domestic science. As societies develop, there should be an increased focus on modern subjects. Further, national curricula vary by the level of socioeconomic development, and because socioeconomic differences are quite stable across countries, curricular differences will be too. Historic theories suggest diversity in national curricula among countries or world regions, and a substantial degree of stability over time (see, for example, Benavot et al., 1991) . However, less empirical evidence has been brought forward to support these theories. colleagues at Stanford (1992, 1997) propose the idea that curricula are closely tied to standardised world models and globalisation, and that as a consequence, national curricula will become increasingly similar over time. Dale (1999; 2000) , on the other hand, argues that countries tend to converge regionally, not globally. Some empirical findings have also confirmed that this tends to be the case, at least in terms of the "attained curricula", i.e. the outcome level of a national curricula (Rutkowski & Rutkowski, 2009 ).
Within the organisation the International Association for the Evaluation of Educational Achievement (IEA), a three-level model of the context and components of the school curriculum was developed in order to shed light on the different levels of curricula, which are important for students' learning opportunities (e.g., Keeves, 1972; Robitaille & Garden, 1989) . At the level of the educational system (the school-system, the educational region, the school district) there is a set of intentions for the curriculum. There are goals and traditions as well as influences from the national educational and social context that help shape the character of the curriculum. This collection of intended outcomes, along with course outlines, official syllabi, and textbooks, together form an intended curriculum. The second level deals with the classroom setting, within which the mathematics content becomes implemented or translated into reality by teachers. Seen this way, teachers and classroom conditions are central to the educational process and to the ways in which mathematics content is introduced, and children's attitudes towards mathematics are formed. The final level of this model represents the attained curriculum. After a given period of time at school, the student has acquired a body of knowledge, and acquired certain attitudes toward the subject.
Empirical Findings of Curricula Harmonization
Several different methods and materials have been used to address questions of globalization in education. Text analyses of official policy documents, curricula and textbooks, for example, has been used to reflect the changes in the intended curricula in different countries over time (Meyer et al., 1992; Benavot et al. 1991; Baker & LeTendre, 2005; Bromely, et al. 2011) . Shedding light on curricular development, research has focused on time spent on different subject domains in different countries (Schmidt et al., 1997; Baker & LeTendre, 2005; Stacey et al., 2018) . Large-scale data has been used to explore performance patterns across countries, i.e. asking what students know instead of how much they know (Rutkowski & Rutkowski, 2009 ). In the following section, some of these findings, mainly as regards aspects of intended curricula, are presented.
Bromely, Meyer, and Ramirez (2011) addressed the issue of intended curricula by carrying out a longitudinal comparison of textbooks from countries around the world. More specifically, they explored the rise of student-
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• This paper explores under-used TIMSS-data from National Research Coordinators to shed light on curricula coverage across countries over time.
• There are country differences between subdomains of mathematics with respect to their coverage in mathematics curricula. All countries include a high degree of arithmetic skills. However many countries include statistics and geometry to a lesser degree.
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3 / 11 centered education in different regions of the world, finding a substantial growth over time which reflected changed world models. The increases seem to be intensified by the often-noted global shift in instruction away from history to social studies and civics, and by the increased foci of curricula on social issues and problems of interest to the student. Some differences between world regions were also demonstrated. Textbooks in Western countries were more student-centered than those of Eastern European countries. In Latin American countries, textbooks were even more student-centered.
In association with TIMSS 1995, Schmidt et al. (1997) studied curricular intentions and found considerable crosscountry variation. However, with increasing globalization, it is possible that educational systems tend to be more homogenous over time. In the TIMSS 2015 Encyclopaedia (Mullis, Martin, Goh, & Cotter, 2016) , it is demonstrated that countries show more similarities than differences, although there is a wide diversity of the countries participating in TIMSS 2015. Most countries, for example, specified major content domains, such as algebra. It should however be noted that during the 20 years of TIMSS, nearly all countries have implemented curricular reforms in mathematics.
A recent report by Stacey et al. (2018) using data from National Research Coordinators in five TIMSS cycles investigated how globalization has impacted on science curricula. Their focus was on the aspects of intended curricula and they explored, among other things, whether there had been changes in science curricula over the last 20 years, and whether there was a trend of science curricula becoming increasingly similar across countries. Their analysis, which focused on both fourth and eighth grade students, investigated whether or not a number of different science topics in several subjects (i.e. biology, chemistry, physics) had been covered in countries' curricula. For this purpose, they used data from NRC's in 1999 (2003 for 4 th graders), 2007 and 2015. Results showed a considerable variation among countries in terms of the number of topics covered, and changes made to the science curricula across the period 1999-2015. Via cluster analysis and discriminant analysis, Stacey et al. (2018) however identified two clusters of countries with different coverage (high-low) with respect to the available science topics. Between the TIMSS administrations in 2007 and in 2015, a large share of countries in grade four, as well as in grade eight, moved to the group with higher coverage of science topics. This result provides support for the hypothesis that science curricula are becoming increasingly similar across countries, and that this trend may be particularly true for grade eight.
Aim of the Present Study
In several previous studies, textbooks have been viewed as providing a supplementary, supporting reflection of curricular intentions. Textbooks are thus viewed as a primary bridge between curricula intention and curricula implementation, and between a national education agency and the teacher in the classroom. While care must be taken in interpreting textbook data -given the varying status and use of for textbooks -research conducted in many countries indicates the enormous influence textbooks have on student achievement. Nonetheless, neither curriculum guides nor textbooks should stand alone as the sole source of data for the curriculum analyses. In fact, ILSA data may provide a unique possibility to explore the development of different school-systems; this is because in many countries subject experts have provided rich information on the school-systems and indented curricula for particular subjects. The current study relies on survey data from national research coordinators (NRC) in TIMSS to address the issue of intended curricula. Digesting textbook data from many countries is a time-consuming task for a single researcher. That is why making use of the already existing data from IEA could be an advantage. Furthermore, few studies have taken advantage of the rich national curriculum data from IEA, and, to the best of our knowledge, none using mathematics curriculum data.
In studying curricula change in item-level research, rather than investigating broader content areas, it may not be fully possible to capture curricula change (curricula do not cover test items, but they refer to more general constructs such as Pythagoras' theorem or geometry). For this reason, the approach using single topics employed in the study by Stacey colleagues (2018) may be somewhat too detailed to find curricular changes at the global level in mathematics (although in science more noticeable movements are likely to be present, for example relating to the coverage of topics such as climate change). In order to approach curricular change, larger streams of knowledge, such as the subject content domains in mathematics (e.g., algebra, data, geometry, and number) therefore need to be focused upon.
Against this background, the overall aim of the study is to explore the development of curricular coverage across countries and time in mathematics, and to attempt to identify indications of harmonizing processes in countries' intended curricula coverage over a 12-year period. To this end, the following questions guided the investigation: DATA AND METHOD Directed to the National Research Coordinators (NRC), the Curriculum Questionnaire (CQ) in TIMSS addresses the structure and content of national curricula. It is data from this questionnaire which forms the empirical base of the current study In total, four cycles of IEA TIMSS assessments on mathematics in grade 8 were used (2003, 2007, 2011 and 2015) . One general part of CQ concerns the requirements for being a teacher in each respective country, and includes subject modules about mathematics and science. Surprisingly, given the extensiveness of the questionnaire, the data has not been frequently taken advantage of in secondary analyses. To investigate the possible shift of intended mathematics curricula across countries and over time, we used questions about countries' curricula coverage in the mathematical domains. In TIMSS 2003, 52 countries participated in the study, including benchmarking participants. In TIMSS 2007, the number increased to 64, while in 2011 it dropped to 59 countries. In 2015, only 46 countries participated. Most countries have participated in TIMSS on three or four occasions. It shall be recognized that the number of developing countries has increased in the more recent cycles. Nevertheless developed countries remain over-represented. For these countries, it is possible to follow their trend in a more comprehensive manner. While this may limit the generalisability of the conclusions, data comes from a large set of diverse countries.
The overarching question According to the national mathematics curriculum, what proportion of grade 8 students should have been taught each of the following topics or skills by the end of grade 8? comprised several subdomains. As subdomain categories vary slightly across TIMSS cycles, the topics contained within them also varied somewhat. In general, there were more topics listed in the first TIMSS cycles. In the 2003 cycle, the range of topics was very comprehensive, including more than 40 different topics, while in 2015 there were only 20 topics that the NRCs were asked to consider. We allowed the most recent subdomain categorization in TIMSS 1 (Number, Algebra, Geometry and Data and Chance) to serve as the reference for our comparison, this being because corresponding items could be found in the previous assessments.
In Table 1 , the items relating to different mathematics subdomains from 2015 are presented. Corresponding items were also present in 2003, 2007, and 2011 . However, the wordings of some items were different. These differences were terminological, rather than substantive. The respondent NRCs had three response alternatives to the question above: (0) Not included in the curriculum through grade 8 (1) All or almost all students (2) Only the more able students (top track) . Because the use of category 2 was not present for many of the items, this response was recoded and collapsed into the category one (1).
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TIMSS 1995 data was not included. This was because the main question in this study was phrased as a topic being "focused or not", and different from the wording of a topic being "covered or not" that is used in the later TIMSS studies Consequently, we focus on comparisons between TIMSS 2003 TIMSS , 2007 TIMSS , 2011 TIMSS and 2015 Furthermore, we also used information about revisions of the mathematics curricula: Is the mathematics curriculum currently being revised? This question is also available from all four TIMSS studies, and can facilitate exploration as to whether there are any general trends emerging in a particular country.
Analytical Methods and Procedure
Based on the 20 topics available in TIMSS 2015, we recoded the corresponding items in the previous cycles to the same variable names, and merged the datasets of different years into a common data file. The common data file comprises scores for all countries that participated in at least one TIMSS cycle since 2003. The file comprised 221 country-by-cycle cases. We saved an ID for 'cycle' in order to be able to trace any curricular changes. This file was used for latent class analyses. In a later step, we restructured the file of 221 cases to achieve a dataset that contains 80 countries with repeated measures of content coverage variables for each cycle. We used Latent Growth Curve Modeling and Latent Profile Analysis techniques to tackle the information about mathematics curricula provided from the NRC's. The analyses were carried out in Mplus 8 (Muthén & Muthén, 1998 -2017 .
Latent growth curve modeling
Since the trend of curriculum harmonization is the focus in the current study, we employed latent growth curve modeling (LGCM). This incorporated latent variables (i.e., growth factors) to account for the structural relations among the repeated observations of the content coverage in mathematics across country and time. The LGCM technique estimates two growth factors, namely an intercept factor and a slope factor, to capture the development of content coverage across time in different school systems. It assumes, for example, that the mathematics content coverage in all countries develops over time, following a linear or curve-linear trajectory. The intercept factor describes the initial mathematics content coverage level at the starting point of the longitudinal measurement. The slope factor describes the rate of growth for the mathematics content coverage over different measurement occasions. For both growth factors, a mean and a variance are estimated. Thus, LGCM can illustrate the average starting value and average rate of growth for all countries over all TIMSS cycles from 2003 to 2015. However, LGCM also assumes that countries may not start their development on an equal footing, and may not either follow the Interpreting data sets (e.g., draw conclusions, make predictions, and estimate values between and beyond given data points) c) Judging, predicting, and determining the chances of possible outcomes same rate and direction of change. A variance is also estimated for the two growth factors, capturing such an assumption. More specifically, LGCM estimates the variability between subjects in the parameters that form their trajectories, namely, inter-individual differences (i.e., variance of the growth factors) in intra-individual change (i.e., mean of the growth factors). Thus, the latent growth analysis helps us in identifying the general development of curricula coverage and difference of such a general development across countries. Within a SEM framework, it is common practice to assess global model fit before interpreting estimated parameters to warrant that the specified model fits the data. We used several fit statistics to evaluate model fit, relying mostly on the model chi-square test. We also used the comparative fit index (CFI), where values around 0.90-0.95 indicate acceptable fit, and the absolute model fit index root mean square error of approximation (RMSEA), where values 0.05-0.08 show fair fit (Wang & Wang, 2012) . However, RMSEA may be less preferable when sample size is small (e.g. Hu & Bentler, 1999) .
Latent profile analysis
Latent profile analysis (LPA) is an individual-centered approach that classifies cases into homogeneous latent groups, based on the conditional probability of a set of continuous observed variables, given the latent profiles (Muthén & Muthén, 2014) . In the present article, we assume that there is unobserved heterogeneity among countries concerning the amount of content coverage in different subdomains of mathematics. LPA thus provides a means for identifying such latent profiles of countries, within which the covered math topics are generally similar. The decision as to the number of latent profiles that can be classified is based on the Bayesian Information Criterion (BIC), and an entropy value is consulted for evaluating the quality of the classification (see, for example, Schwartz, 1978) . BIC is a likelihood-based criterion that penalizes particularly complex models, i.e. when many parameters are included in the model, and is often used in comparing models with varying amounts of parameters. The model with the lowest BIC is usually preferred. The entropy ranges between 0 and 1, where higher values indicate that distinct classes have been sorted out. The substantive meaningfulness of the latent profiles must also be considered when determining the number of latent profiles. It should be emphasized that an extremely small group may be a statistical artifact that reflects only the measurement character in the sample (Samuelsen & Dayton, 2010) .
Analytical procedure
As mathematics subdomains, number, algebra, geometry and data, were measured in all TIMSS cycles. This enabled us to construct a country-level mean scale for each subdomain and each cycle. This scale represents the proportion coverage over time in each country's curricula. In a first step, these derived variables were used as indicators to study curriculum harmonization in a latent growth model. We used all subdomains in an initial step. However, due to minimal variation in the subdomain number, we excluded this from our analyses.
In the next step, we specified the number of different latent profiles and thereafter evaluated and compared the model fit. Given the available data, several hypotheses are to be tested, and which correspond to the two first research questions. First, countries may differ significantly in the mathematics content coverage at the starting point (i.e., TIMSS 2003) , and this may change significantly over time. Second, countries may have a differentiated focus of their curricular content, and different homogeneous clusters of countries may be found in each TIMSS cycle (i.e., ordered by similar region, language and/or culture). Third, the same country may belong to different clusters of countries in different TIMSS cycles, thus indicating a change in their intended curriculum over time. Finally, in case of a pattern where, proceeding in time, fewer clusters are identified, this indicates a general harmonization of curricula coverage in mathematics over time in different countries.
RESULTS
To explore the development of curricula coverage, we ran a latent growth curve analysis, where we modelled the changes in the countries' average score of content coverage in subdomains of number, algebra, geometry and data over the four time-points. Using this analysis we were able to test the first hypothesis; that is addressing the question as to whether countries increase the math curriculum coverage over time. The model had an acceptable fit to the data. Table 2 , the mean variance of the intercept is significant, which implies that countries started out at a significantly different level of curricular coverage. The mean level of slope was significant, showing an increase of about .05 in curricular coverage over time. This indicates an increase in coverage of 5 % between each measurement point. Since TIMSS 2003 was the baseline, the analyses indicate that the countries which also took part in later TIMSS studies tended to include more math topics in their curricula over time. However, the variance of the slope factor was not significant, which implies that countries have the same rate of growth with respect to their curricula coverage. We thus see a general pattern towards increased coverage over time, but cannot observe any convergence across countries. We therefore extended the investigation and performed a latent profile analysis.
As shown in
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In order to investigate the hypothesis of convergence, we ran a series of latent profile analyses using the mean content coverage of the four subdomains of mathematics. Bayesian information criteria, entropy level, and the average latent class probabilities for most likely latent class membership were all examined. The number of countries in each profile was also checked. The model solution with the lowest BIC is usually preferred. For sake of simplicity, in Table 3 we present the statistics for two, three and four profiles only.
We found the solution with three classes preferable. While the solution with four profiles had a slightly lower BIC, the number of countries in one group was very small and the Lo-Mendell-Rubin test showed that a four class solution was not preferred over the one with three. Also, the entropy-value of 1 indicated that three classes were clearly separating the individual countries into mutually exclusive profiles, which can also be proved by the average latent class probabilities for most likely latent class membership. As regards the three class classification, no cross-classification was found (probabilities were 1 each class classification).
To highlight the differences between the three groups, their mean values are presented in Figure 1 . While subdomains Number, Algebra and Geometry are of fairly equal size, subdomain Data contained a fewer number of topics (see Table 1 ). As may be seen, profile number 3 has the greatest coverage of mathematics topics in their curriculum. As previously noted, all three profiles have high coverage in numbers, although they differ with respect to the other three (numbers were therefore excluded in further analyses to ease computations). In subdomain Data, the largest differences among the clusters of countries can be found. In the next step, we explored which countries belonged to the different clusters, and if there were any differences between the time-points with regard to belongingness to different profiles. As shown in Table 4 , we used the country ID and an ID for study (TIMSS 2003 to TIMSS 2015 to structure the profile belongingness. We thus structured the data in order to display the trend for each and every country in a comprehensive manner. To facilitate a more straightforward interpretation, we chose to focus on countries that participated three times or more in TIMSS. In Table 4 , the trend in math coverage is displayed for these countries. 
From the table, it may be noted that profile 1 and 2 are much more common in the first cycles of TIMSS, while profile 3 is more common in TIMSS 2011 and TIMSS 2015. Since profile 3 is the one with high coverage on all subdomains, this may be an indication of the fact that curriculum coverage has increased in the past few years. There tends also to be a general trend toward harmonization, in that several countries change from 2007 to 2011, while remaining in the same profile in 2015. Looking at the pattern for Japan, Jordan, Korea, and Saudi Arabia, we may observe that all these countries changed to profile 3 in 2011 and 2015. A large number of the countries are nevertheless fairly stable with regard to their pattern of coverage across the years investigated. This holds particularly true for many "Western" countries; the United States, England, Canada, Australia, New Zealand, Italy and Norway all belong to the green profile in all TIMSS cycles. It also appears that other countries have followed these "Western" countries, since many have had large coverage from both TIMSS 2003 and TIMSS 2007 . Given the fact that the curricular revisions are fairly frequent in all TIMSS assessments, the stability observed might be somewhat surprising. In Table 5 , information about the proportion of countries that have ongoing curriculum revision in the TIMSS cycles is presented. The proportion is based on whether or not the math curriculum is under revisions in each country and cycle. The response "Yes" was coded as 1 and "No" as 0.
As may be seen in Table 5 , the mean values reveal that more than two thirds of the countries performed revisions of their curricula in TIMSS 2007 and 2011. There is however, no generally observable trend where countries increasingly revise their curricula; rather it appears as revisions in most countries are ongoing. There are naturally countries that do not revise their curricula in all cycles, although some indicated that they do. It may be noted that the character of the revisions to curricula can vary greatly between countries, with some conducting minor changes and others introducing more extensive curricula reforms. Therefore the measure used here is a rather crude one. However it is possible to use the information with regard to curricula revisions to validate previous findings. For example, we noted that Israel indicated revisions in all 4 cycles, while Sweden only revised the curriculum once, and Norway not at all. If we compare with the information in Table 5 , we see that Israel indeed change their profile between all cycles, while Sweden and Norway are much more stable.
DISCUSSION AND CONCLUSIONS
Taking advantage of the information on mathematics content coverage of CQ data in all TIMSS cycles since 2003, using latent growth curve modeling techniques and latent profile analysis, the current study examined the curriculum harmonization hypothesis across countries and over time. The main finding of this article confirms the emergence of harmonized content coverage in mathematics. In the later cycles of TIMSS, there are about twice as many countries characterized by having a large curricular coverage in mathematics. The movements are in close alignment with previous finding on science curricula (e.g., Stacy et al., 2018) . The finding that fewer latent profiles emerged in the recent TIMSS cycle accords well with the information provided in the TIMSS Encyclopaedia 2015, in which countries demonstrate more similarities than differences in their curricular content. In the light of these results, it needs to be acknowledged that the study focused on curriculum harmonization in relation only to the TIMSS framework, and is thus not a total measure of curriculum harmonization between countries. This is because countries are likely to have topics that are included in their mathematics curriculum that are not covered by TIMSS. Consequently, the questionnaire data does not provide a measure of the total mathematics curriculum for each country, but rather a measure expressing the correspondence between their intended mathematics curriculum, and the TIMSS framework.
A surprising result, however, was that the curricular coverage was not as high in TIMSS 2003 and TIMSS 2007, given that only about half of the items were used in 2003 compared with 2011 and 2015. If all of the curricular coverage items in 2003 and 2007 had been used, the coverage of mathematics topics in the curricula could have differed even more between the years, a finding which also points to a general trend of harmonization.
While there have been major curriculum movements in many countries, this phenomenon is particularly noticeable in the East Asian countries (see also, Leung & Li, 2010) . In Singapore, Hong Kong, Korea and Taiwan, for example, changes have been observed regarding coverage patterns. Though TIMSS strives to follow national curricula, it is likely that some countries follow TIMSS in their revisions of curricula. Consequently, certain countries might be likely to "teach to the test" to a higher degree than others. The concept of "teaching to the test" could subsume desirable, as well as undesirable behaviors (c.f., Koretz, 2002 ).
Even though we followed curricular trends across 12 years, there are nevertheless opportunities to extend the scope of study. In the TIMSS repeat 1999, data for NRC's should have been collected; however, "because the complex nature of the data collected with the curriculum questionnaires", these data are not available in the public release of the database (Gonzalez & Miles, 2001, p. 3-4) . In the 1995 TIMSS curricula questionnaire, the question about curricular coverage was phrased somewhat differently. Additionally, the 1995 questionnaire was very comprehensive and did not easily allow a comparison with the other years. However, we anticipate that a comparison including 1995 and 1999 would be feasible, and hope that further research will shed more light on this comparison. There is also trend data from the Programme for International Student Assessment (PISA) available, and this could be used in similar analyses, especially those with a focus on the attained curricula. PISA is likely to exert an influence on countries' curricula; it encompasses a somewhat different set of countries and ways of testing knowledge and skills. This would certainly extend knowledge regarding the globalization of curricula.
Data from NRC's are not without limitations. For some countries the NRC responses in the curriculum questionnaire may not adequately reflect the intended curriculum for the whole country. This is particularly obvious in the case of countries with a federal structure (like Germany) or those who are highly decentralized. Furthermore, there are likely to exist some subjectivity in the completion of the questionnaires. The mathematics topics included in the questionnaire is usually not identical to the topics listed in the different countries curricula, and, therefore, it may be difficult to achieve a perfect match to the national curricula documents across all countries.
Finally, a few notes of caution regarding assumptions about a possible causality in the current study need to be sounded. For example, curricular developments as consequence of the impact of large-scale international assessments are not easy to establish. While international studies may have large impact on educational debates and policy discussions in different countries, such effects are difficult to prove. Rather, the analyses of the current study may provide insights into curricula developments within the countries that participated in TIMSS Grade 8. Consequently, the reasons why certain developments took place need to be further established. Combining a quantitative approach, such as in the current study, with more in-depth within-country analyses, could provide a fruitful direction for future research. For example, the study might benefit from validating the findings in relation to general global and national trends in mathematics education. Such validation could, for instance, be based on the information provided in the TIMSS Encyclopaedias, and via further analyses of documents on the national curricula.
